Abstract. The aim of the present study as to analyse the associations between circulating tumour cells (CTCs) and the clinical parameters of nasopharyngeal carcinoma (NPC). Peripheral blood (7.5 ml) from 68 first-diagnosed NPC patients was collected to detect and identify CTCs by cluster of differentiation (CD)45 immunomagnetic separation. Immunofluorescent staining of cytokeratin-18, CD45 and DAPI, and fluorescence in situ hybridization were combined with the centromere of chromosome 8 (CEP8) probe method to analyse the associations between CTCs and clinical parameters. One-year follow-up of the NPC patients who received standardized treatment was also performed to analyse the associations between CTCs, tumour development and the treatment effect. The detection rate of CTCs in the 68 NPC patients was 98.5% and the positive rate of CTCs was 60.3%. The positive rates of CTCs in the I-III and IV stage patients were 51.1 and 78.3%, respectively; the rate was 90.0% in the M 1 stage and 55.2% in the M 0 stage. The differences were statistically significant (P<0.05). The mean CTC counts were 3.86±2.36 and 5.70±2.91 in the M 0 and M 1 stages, respectively, which was significantly different (P=0.031). The 12-month follow-up record suggested tumour progression for 17 patients, and the one-year progress free survival rate was 74.6%. Among the CTC-positive stages III-IV patients, the disease progression rate of the patients who had received treatment including chemotherapy/intensity-modulated radiation therapy (IMRT) was 83.3%, which was higher than that of the patients who received treatment including chemotherapy/IMRT/chemotherapy, and the difference was statistically significant (P<0.05). The results of the present study suggested that CTCs were closely associated with the stages of NPC. The later clinical stages may have higher CTC-positive rates for NPC. Treatment with chemotherapy/IMRT/chemotherapy may be more effective for CTC-positive patients in stages III-IV than the use of chemotherapy/IMRT.
Introduction
Nasopharyngeal carcinoma (NPC) is a common malignant head and neck cancer that mainly occurs in China and southeast Asia (1); intensity-modulated radiation therapy (IMRT) is a major therapeutic approach for NPC. Although ongoing improvement of precise radiation therapy has resulted in a 5-year survival rate of 70% for NPC patients in China, 30-40% of the patients have a risk of tumour recurrence and metastasis after the first diagnosis. For patients with a high risk of tumour recurrence and metastasis, radiotherapy plus chemotherapy is a highly recommended therapy. However, there remains significant room to study the pathological and clinical features of the NPC patients who enjoy better therapy effects from chemotherapy.
Recent studies have shown that CTCs, which could be dispersed into circulation system by primary and metastatic cancers, are closely correlated with recurrence and metastasis of several tumour types, including breast cancer (2) , lung cancer (3), gastric cancer (4), head and neck cancers (5-7), as well as resistance to anti-tumour treatment. Additionally, it is of significant clinical guiding value in auxiliary diagnosis, therapeutic evaluation, recurrence and metastasis monitoring and prognostic assessment of tumour patients. Wu et al (8) also found that the decrease of CTCs was related with better therapeutic efficacy in NPC patients and the CTC might be a predictive factor for clinical outcomes via continuously detecting CTC count in a treatment (8) . In our study, we also aim to analyse the correlation between CTCs and the clinical features of NPC. 2 , d1-d3; 5-fluoride of 600 mg/m 2 , d1-d5) first. Then, they received a 2-period treatment of IMRT at the same dose as above. One month after completion of IMRT, 31 patients received a 4-period chemotherapy (DF regimen). The peripheral blood of 10 healthy volunteers was extracted to serve as a control group. All patients underwent CT and MRI examination one month after the treatment, and they underwent re-examination every 2-3 months. The results of a 12-month follow-up study were recorded.
Materials and methods

Ethical approval.
Enrichment and identification of CTCs. The samples of 7.5 ml of peripheral blood were incubated with anti-cluster of differentiation (CD)45 magnetic nanoparticles and collected for subsequent CTC enrichment and detection; then, CTCs were identified through the combination of CD45 and CK18 with the FISH-centromere of chromosome 8 (CEP8) probe method. Enriched cells were made into cell smears. In the following steps, CEP8 probe was denatured at 75˚C for 10 mins before it was added to the slides. Afterwards, the slides were kept in a hybridization oven for 2 h. After hybridization, an antibody mixture of CD45 and CK18 was added to the slides with one-hour incubation. In the final stage, DAPI was added and the CTCs were analyzed with a fluorescence microscope (by immunostaining, not western blotting and FACS).
Statistical analysis. Data were analyzed using statistic analysing software SPSS 18.0. The χ 2 test, t-test, and Kaplan-Meier analysis were performed to analyse the data. (Figs. 1-3 ). The A pattern represented white blood cells, the C pattern indicated CTCs, and the B pattern indicated suspicious CTCs, which were not included in the CTC count. Cells of the C pattern and the B+C pattern were detected in 67 of the 68 samples with a CTC detection rate of 98.5%. According to the criterion that CTCs ≥3/7.5 ml was considered positive [technically supported by the Kindstar Global Co., Ltd. (Wuhan, China) and the standard set based on a large number of pre-clinical screening], the positive rate of CTCs was 60.3% (41/68). No C-pattern cell was detected in the peripheral blood of the healthy individuals.
Results
Classification and identification of
CTC count in clinicopathologic parameters. Based on the CTC evaluation criteria described above, the number of CTCs detected in the peripheral blood of the 68 NPC patients ranged from 0 to 12 cells/7.5 ml with a median of 4.13±2.51/7.5 ml. The CTC number increased with an increase in the pathological stages with mean counts of 3.71±2.33 (stages I-III) and 4.96±2.69 (stage IV), respectively. However, the difference was not statistically significant (P=0.052). The mean count of CTCs was 3.86±2.36 in the M 0 stage, and it was 5.70±2.91 in the M 1 stage, which was significantly different (P=0.031; Table I ).
CTC-positive rates and clinicopathologic parameters.
The positive rates of CTCs in the peripheral blood of the patients in stages I-III and stage IV were 51.1% (23/45) and 78.3% (18/23); the difference was statistically significant (P= 0.038). The positive rate of CTCs was 90.0% (9/10) in the M 1 stage and 55.2% (32/58) in the M 0 stage; the difference was also statistically significant (P=0.043). Among the different groups of sexs, ages, pathological types, T stages and N stages, the CTC-positive rates were not statistically significant (P>0.05; Table II ).
The prognostic value of CTC in NPC.
According to the data of a 12-month follow-up, 17 patients were found to have disease progression, and the one-year progress free survival (PFS) rate was 74.6%. Among the cases with disease progression, there was 1 patient in stages I-II (5.9%) and 16 in stages III-IV (32.0%). The disease-progression rates in CTC-positive and CTC-negative patients were 34.1 and 11.5%, respectively, and the difference was significantly different (P= 0.047; Table III 
Discussion
The methods for CTC detection remain inconsistent with each other; the difference in the choice of tumour markers and testing methods contributes to this. Comparatively, a relatively mature method for CTC detection involves the use of EpCAM and CK expression as indicators of tumour presence. However, some studies have confirmed that the εpithelial-mesenchymal transition (EMT) of CTCs may reduce the expression of epidermal protein, which can reduce the efficiency of the testing method. Krebs et al (9) found the diagnostic rate of lung CTC is 30% in a test based on EpCAM and CK expression. So many new technologies to detect CTCs are applied in recent years (6, 7, 10) . unfortunately, there are a few researches to compare the detection efficiency of the various new technologies. In this study, CTCs are identified by combining immunofluorescent staining of CK18 and CD45 and FISH with the (CEP8) probe method followed by subtractive enrichment of CD45. The subtractive enrichment approach is independent of down-regulation or loss of EpCAM expression and increases the diagnostic rate (10, 11 (C pattern). The C pattern suggested detection of CTCs, and the B pattern indicated expressive attributes consistent with suspicious CTCs, which were not included in the CTC count. The detection rate of CTCs was 98.5% in the peripheral blood of NPC patients, and the positive rate of CTC was 60.3%. No CTCs were detected in the peripheral blood of healthy individuals. No CK-positive NPC patients were found in this study, as supported the occurrence of CTC EMT. It also suggested that further studies on different physiological states of CTCs could promote a better understanding of the mechanism of tumour development and provide a theoretical basis for the diagnosis and treatment of tumours. Additionally, the cells of B pattern might be white cells that have not been infected with CD45 antibodies or they might be CK-negative diploid tumour cells.
The positive rates of CTCs were 51.1 and 78.3% in the peripheral blood of NPC patients with stages I-III and IV, respectively. The positive rate of CTCs was closely correlated to the result of clinical staging; a later stage reveals a higher positive rate of CTCs. The positive rate of CTCs in the M 1 stage was higher than that in the M 0 stage. A higher CTC-positive rate could suggest a higher probability of tumour recurrence. These were consistent with a poor prognosis and high risk of metastasis for advanced patients. Based on the study finding, it can be hypothesized that the release of CTCs is a dynamic pathological process. The level of released CTCs is affected by the tumour burden, and an increase in the tumour burden might increase the number of CTCs. It was found that the difference between the CTC-positive rates of the T and N stages was not statistically significant. One reason might be that the size of the primary tumour is a factor that modulates the release of CTCs. Meanwhile, compared to other solid tumours, the NPC location is relatively limited, limiting the growth of primary tumours.
Considering tumour metastasis is a complex multi-step process and positive detection of CTCs does not guarantee the formation of metastases, we also analyzed the numbers of CTCs in the peripheral blood of NPC patients. The mean count of CTCs in the M 0 stage was lower than that in the M 1 stage, due to the CTC numbers was really low, more samples were needed if we analyzed the statistical significance.
CTCs are killed via the body's immune response and their own metabolism (12, 13) , resulting in the survival of some CTCs that contribute to further development of specific conditions. The more CTCs detected, the more CTCs might survive until the final stage, increasing the risk of distant metastasis; this was consistent with the study result.
Based on a 12-month follow-up survey, we found the one-year progression free survival (PFS) rate was 74.6%, and the disease-progression rate in CTC-positive cases was higher than that in CTC-negative cases. A higher CTC-positive rate might mean a poorer prognosis, which coincided with the hypothesis raised above. At present, the therapeutic schedule for NPC patients with stages I-II was relatively identical and consisted of IMRT. For advanced (III-IV) NPC patients, the combination of IMRT and chemotherapy is highly recommended. However, the specific patients who would benefit more from the therapy is still not very clear. In 50 cases of stages III-IV, the disease-progression rate of patients who received treatment with inductive chemotherapy/IMRT (B treatment) was higher than that who received inductive chemotherapy/IMRT/chemotherapy (A treatment). Additionally, the A treatment might be more effective. For CTC-positive cases of stages III-IV, the disease-progression rate was higher with B treatment than with A treatment. For advanced NPC patients, especially CTC-positive cases, A treatment can be considered as the first choice.
To conclude, we found that the positive rate of CTCs was correlated with the clinical stages of NPC patients and distant tumour metastasis. Treatment with inductive chemotherapy + IMRT + chemotherapy might be more effective for CTC-positive patients with NPC stages III-IV. Unfortunately, there are still many insufficient. It has been documented that EB virus is associated with NPC, we do not analyze the relationship of CTCs and EBV in our study. With the advance of technology, newer or higher effective detection techniques may be discovered. Besides, the number of samples employed in this study is comparatively low, and the follow-up period is somewhat short. As a result, we could not comprehensively demonstrate the relationship between CTCs and the prognosis of NPC patients. Because a larger sample size could strengthen the conclusions, we will continue to enrol more cases and follow-up the prognosis.
